Abstract: Recent insights into the structure and function of the anterolateral ligament (ALL) of the knee has resulted in a recognition of its contribution in rotational control of the knee. Several ALL reconstruction techniques have been described in the literature. This article describes, with video illustration, a percutaneous repair technique using suture tape augmentation. A tendon graft is not needed. This technique allows early mobilization and encourages natural healing of the ligament by protecting the ligament during the healing phase as a secondary stabilizer.
A lthough the debate on the exact anatomy and function of the anterolateral complex is ongoing, recent insights into the structure and function of the anterolateral ligament (ALL) 1 of the knee have resulted in a growing evidence of its role in rotational control of the knee. The ALL has been identified as a contributor to the anterolateral rotational stability of the knee, 2, 3 and there is a close association with anterior cruciate ligament (ACL) ruptures. 4 Several indications for ALL reconstruction or repair have been described: an ALL rupture combined with an ACL rupture, chronic ACL lesions, an ACL rupture with a grade 3 pivot shift, highdemanding athletes, and revision ACL surgery. 5 Multiple ALL reconstruction and repair techniques in combination with ACL reconstruction have been described in the literature. 6 There is ongoing debate on the exact location of the ALL, especially the femoral origin, which is important if we want to perform an anatomical reconstruction. 1, [7] [8] [9] [10] Several recent biomechanical studies agree that the femoral origin is posterior and proximal to the lateral epicondyle. 7, 8, 11 The ALL then crosses superficial to the lateral collateral ligament (LCL) to its tibial insertion, which is halfway between the Gerdy tubercle and the anterior margin of the fibular head, 9.5 mm distal to the joint line. 8 ALL repair with suture tape augmentation does not use a tendon graft. Postoperatively, patients are mobilized early without a brace and with crutches as needed. An ultrahigh-strength 2-mm-width tape is used to bridge the ligament, and knotless bone anchors secure the augmentation. This technique reinforces the ligament as a secondary stabilizer, encouraging natural healing of the ligament by protecting it during the healing phase and supporting early mobilization.
Surgical Technique
This Technical Note describes ALL repair with suture tape augmentation (Video 1). This technique can be used in acute injuries as well as chronic ruptures of the ALL. It is a percutaneous technique, which can be performed within 5 minutes.
The suture tape augmentation consists of an ultrahigh-strength 2-mm-width tape (FiberTape, Arthrex, Naples, FL) and 2 bone anchors (SwiveLock, Arthrex). The ultrahigh-strength tape is made of a longchain ultrahigh-molecular-weight polyethylene. The tape is fixed in the femur with a 4.75-mm bone anchor and in the tibia with a 3.5-mm bone anchor. This procedure is often performed in combination with ACL repair or reconstruction and would then be performed as the second procedure.
Patient Positioning and Preoperative Marking
The patient is placed in a supine position with a tourniquet on the upper thigh. As the technique is often combined with an ACL procedure, the injured leg can be placed in the surgeon's preferred position for ACL procedure.
The lateral femoral epicondyle, the distal joint line, Gerdy tubercle, and the anterior margin of the fibular head are palpated and marked. The tibial insertion is marked halfway between the Gerdy tubercle and the anterior margin of the fibular head, 1 cm distal to the joint line (Fig 1) . ALL Repair With Suture Tape Augmentation A 1.5-to 2-cm incision is made starting over the lateral femoral epicondyle in a posterior and proximal direction. The iliotibial band is split. The femoral origin of the ALL is approximately 7 mm posterior and proximal to the lateral epicondyle. After predrilling, with a 4.5-mm drill and a 20-mm drill stop, followed by tapping, a 4.75-mm bone anchor loaded with an ultrahigh-strength tape is placed ( Table 1) . The femoral drill hole is kept under direct vision to avoid superficial placement of the bone anchor in the bone or losing the position of the drill hole (Fig 2) .
A hemostat is directed distally under the iliotibial band, superficial to the lateral collateral ligament. To break any adhesions, the hemostat is distally moved sideways to create a tunnel for the ultrahigh-strength tape. The skin is incised over the tip of the hemostat at the previous marked ALL insertion. Using a lead suture transported by the hemostat, the ultrahighstrength tape is brought to the tibial incision. Under direct vision of the bony ALL insertion location, the 3.5-mm bone anchor is predrilled and tapped after taking the knee through a range of motion, with the tap left in place. A 3.5-mm anchor gives sufficient strength in the strong tibial bone and is preferred over larger sizes given the proximity of the joint (Fig 3) .
The ultrahigh-strength tape is loaded in the distal bone anchor and marked at the beginning of the screw of the bone anchor, repositioned in the eye of the bone anchor at the marked level, and finally the bone anchor is placed in the drill hole (Fig 4) . In chronic ALL ruptures, the ALL can be advanced with the No. 0 suture, which is loaded in the bone anchor, to regain its natural tension.
Postoperative Rehabilitation
Most patients have a combined ACL and ALL procedure, and a standard ACL rehabilitation program is recommended. Patients who receive an isolated ALL repair are allowed to fully weight-bear with crutches as required. Physical therapy focuses on early range of movement, muscle control, and restoration of function. The ultrahigh-strength tape is marked at the beginning of the screw of the bone anchor (arrow) (1) and is then repositioned in the eye of the bone anchor at the marked level (2) followed by placement of the bone anchor in the drill hole (3). 
Discussion
This Technical Note describes the ALL repair with suture tape augmentation technique. It is a simple, minimally invasive, and quick procedure, which provides additional anterolateral rotational stability and is often performed together with an ACL repair or reconstruction ( Table 2 ). This technique encourages natural healing of the ALL. In chronic cases, the ALL can regain its natural tension by tensioning the ALL.
In the past, anterolateral extra-articular stabilization was performed more frequently. Many different techniques have been used. Most of these techniques were nonanatomical reconstructions and used a part of the iliotibial band. 12 Most of them, however, have been abandoned because of the improvements in arthroscopic ACL reconstruction. Nowadays, several techniques for anatomical ALL reconstruction have been described. 6 Many of these techniques use a tendon autograft (semitendinosus or gracilis) or allograft. With ALL repair with suture tape augmentation, a tendon graft is not used; the native ligament is repaired in the acute case and retensioned in case of a chronic ALL rupture. As a tendon graft is not required, the risk of morbidity associated with harvesting is absent.
One of the risks of this technique is excessive tensioning of the ultrahigh-strength tape (Table 3) . This can cause failure of the bone anchor or lateral meniscal pathology. A nonanatomic or nonisometric position of the anchor can lead to a poor biomechanical outcome.
The ALL has been identified as a contributor to the anterolateral rotational stability of the knee.
2,3 By repairing or reinforcing the ALL, more anterolateral stability is provided, and a lower rerupture rate of the ACL can be expected. Helito et al described better results in their ACL þ ALL reconstruction group versus an isolated ACL reconstruction group in patients who were treated for a chronic ACL lesion. The ACL þ ALL group had a positive pivot shift test in 9.1% and no reruptures versus, respectively, 35.3% and 7.3%. 13 The technique described in this Technical Note has been described for many other ligaments, including ACL repair. 14 The suture tape augmentation acts as a safety belt for the repaired or healing ligament and protects it against high strains that would impair the healing or even cause a rerupture during the healing process. Furthermore, the augment supports early mobilization. Additional outcome data for this ALL repair technique is needed to prove the concept.
